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GENDER-BASED DIFFERENCES IN FLORIDAAPPLE SNAIL 
(POMACEA PALUDOSA) MOVEMENTS 


Patricia L. Valentine-Darby’, Philip C. Darby2* & H. Franklin Percivals 


ABSTRACT 


Gastropod movements have been studied in the context of habitat selection, finding food 
and mates, and avoiding predation. Many of these studies were conducted in the laboratory, 
where constraints on spatial scale influence behavior. We conducted a field study of Florida 
apple snail (Pomacea paludosa) movements using telemetry. We hypothesized that Florida 
apple snail movements were driven by reproductive activity, and that gender differences would 
be evident. We documented male and female directions and distances traveled. We also 
conducted a trapping study that included conspecific bait to test if the presence of females 
attracted more males as measured by M:F ratios in traps. The greatest distances traveled 
were by males, and males were more likely to maintain a consistent bearing compared to 
females. Male distances peaked in what typically corresponds to peak breeding season. M:F 
ratios in traps were positively associated with reproductive activity in the study population as 
measured by egg cluster counts. Conspecific bait had no effect on the number of males or 
females captured. However, if a female crawled into the trap, we observed greater numbers 
of males compared to those with no trapped females. Males may have tracked females to 
increase mating encounters, following slime trails, as seen in other aquatic (including other 
Pomacea) snails. The capacity for mate finding has implications for reproductive success in 


the relatively low density- populations often seen for Pomacea paludosa. 
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INTRODUCTION 


A gastropod’s capacity for movement directly 
affects its ability to find suitable habitat in het- 
erogeneous environments (Coffin et al., 2008), 
food (Snider & Gilliam, 2008), and mates (Er- 
landsson & Kostylev, 1995), and to avoid preda- 
tion (Dickey & McCarthy, 2007) (also reviewed 
by Croll, 1983). Although many environmental 
factors affect the direction and distance traveled 
by snails (e.g., currents and benthic habitat 
structure, as described in Hoffman et al., 2006), 
chemoreception appears to be the principle 
mode by which many snail species’ movements 
are directed (Croll, 1983). Snails may respond 
to chemicals in the trails of other snails, or to 
air-borne (for terrestrial snails) or water-borne 
chemical gradients of food, predators, or other 
Snails (Dinter, 1974; Takeda & Tsuruoka, 1979; 
Croll, 1983; Shaheen et al., 2005). Much of the 
research on aquatic snail movements reflects 


laboratory studies at relatively small spatial 
scales, compared to the natural environments 
across which snails traverse. The Florida apple 
snail (Pomacea paludosa Say) (Gastropoda: 
Ampullariidae) is the largest native freshwater 
snail in North America (Pennack, 2001), with a 
range restricted primarily to the lakes and wet- 
lands of peninsular Florida (Thompson, 1984). 
Darby et al. (2002) reported average weekly 
distances traveled by Florida apple snails as 
15 m/wk. This led to questions about what 
drives apple snail movements under natural 
conditions. Apple snails did not move along 
gradients of temperature, dissolved oxygen, 
or water depth (to avoid being stranded in a 
drying marsh) during a March—June field study 
in Florida (Darby et al., 2002). Apple snails did 
move among a wide range of habitat types, in- 
cluding sawgrass (Cladium jamaicense Crantz), 
cattail (Typha spp.), and wet prairie (dominated 
by low profile grasses and sedges), as indicated 
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by telemetry and mark-recapture studies (Darby 
et al., 2002; Valentine-Darby et al., 2008). Peak 
apple snail egg cluster production most often 
occurs in April-May (Darby et al., 2008), so 
movement patterns during this time of year 
may be associated with reproduction. In lieu of 
environmental factors being the primary driver 
of the magnitude and direction of snail move- 
ments, at least during spring and summer, we 
hypothesized that Florida apple snail move- 
ments vary as a function of gender and changes 
in their reproductive status as seen in other 
aquatic snails (Pardo & Johnson, 2004). 

Apple snails are dioecious (Aldridge, 1983). 
Females must find suitable structure for above- 
water egg cluster deposition (i.e., oviposition), 
typically emergent plant stems with diameters 
> 6 mm (Turner, 1996). Florida apple snails of- 
ten occur at densities < 0.2 snails/m2 (Darby et 
al., 2006), so their ability to track down potential 
mates may be especially critical for recruitment 
in many central and south Florida wetlands. 
Hanning (1979, p. 45) stated that “Females 
are searched for by the males ...”; he referred 
to both laboratory and field observations, but 
provided no information on how he came to 
this conclusion. A recent laboratory study of 
Pomacea canaliculata found that both males 
and females followed mucous trails of snails of 
the opposite sex (Takeichi et al., 2007); males 
were also attracted to water conditioned with 
females, suggesting an attraction to one or more 
water-borne sex pheromones. 

We used a combination of telemetry and 
trapping studies to examine whether variation 
in distance and movement patterns of Florida 
apple snails in the field was associated with 
gender and/or reproductive activity. We hy- 


pothesized that snail movement rates were - 


positively associated with reproductive activity 
(as indicated by egg cluster counts). We also 
hypothesized that males and females would 
exhibit different patterns of movement over 
space and time, in part because of earlier sug- 
gestions that males track down females (as 
noted above), and because females must target 
microhabitat patches that support oviposition. 


METHODS 
Study Area and Sampling Periods 
Our study site was in the eastern-most portion 


of the Blue Cypress Water Management Area 
(BCWMA), part of the Upper St. Johns River 


Basin, in Indian River County, Florida. Details of 
the study site, including a map, were published 
in Darby et al. (2002). The plant community in 
this area consisted of a mosaic of sawgrass 
patches surrounded by emergent macrophytes 
(primarily Eleocharis cellulosa and Panicum 
hemitomon) and scattered areas of open water 
(Lowe, 1983; Darby et al., 2002). The telem- 
etry study was conducted March—July, 1995, 
and the wire funnel trap study was conducted 
February—August, 1996. Both studies included 
the seasonal initiation, April-May peak, and 
subsequent decline of snail egg production, as 
described in Darby et al. (2008). We studied 
the same BCWMA snails in 1995 that were 
the subject of Darby et al. (2002) and Darby 
et al. (2003). We used an airboat to access 
the study site, but all visual searches, tracking 
of snail movements, and trap checks were 
conducted on foot. 


Telemetry Study 


We used miniature radio-transmitters (1.6 
gram) to track snail movements. Details on trans- 
mitter attachment and monitoring were described 
in Darby et al. (2002). Adult apple snails (n = 47) 
were collected using visual searches and wire 
funnel traps. Visual searches consisted of col- 
lecting female snails nearing their completion of 
egg-laying at night, and from daytime searches 
for snails in clear water. Twenty-four snails were 
sexed based on shell morphology (Hanning, 
1979), seven females were identified while laying 
eggs, and 16 snails were found mating (in some 
cases with a snail already bearing a transmit- 
ter). Copulating pairs were gently pulled apart; 
males were identified by their penis sheath 
(Hanning, 1979; also see Andrews (1964), and 
Albrecht et al. (1996) for observations of P. 
canaliculata). We noted that egg-laying females 
and mating males had the characteristic shell 
morphology by which we identified gender for 
the aforementioned 24 snails. 

Hanning (1979) estimated that sexual matu- 
rity for P. paludosa was 2 30 mm shell length, 
so snails exceeding this length were assumed 
to be sexually active in our study. We placed 
transmitters on 25 females (shell lengths 36 to 
53 mm) and on 22 males (36 to 46 mm). The 
transmitters were attached to the outside of 
the snail shell using the minimum amount of 
marine epoxy required for a firm hold. Snails 
with transmitters were returned to their original 
location within 20 minutes of capture. Snails 
were released throughout the study period ina 
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staggered entry design to replace dead snails 
or transmitters with dead batteries (details in 
Darby et al., 2002). 

We used standard telemetry equipment to 
locate radio-bearing snails within a 2 to 3 m di- 
ameter circle. Magnet-induced signal alteration 
(Darby, 1999) was used to pinpoint each snail 
location. On every monitoring occasion, each 
snail was picked up to confirm that it was alive 
and then returned to its exact location. Snail 
locations were marked with polyvinylchloride 
(PVC) poles driven into the substrate, and we 
wrote the radio-frequency of each snail on its 
PVC marker. 

Distances traveled (n = 81) were documented 
at weekly intervals until the snail or the transmit- 
ter battery died. Movements starting from initial 
capture locations were excluded from analyses, 
because of the disturbance caused by snail 
handling and transmitter attachment. We also 
excluded locations of snails found dead. Each 
time a snail was located, the straight-line dis- 
tance between its current location and its last- 
monitored location was recorded. A compass 
was used to measure the direction the snail 
had moved from its previous location. Other 
metrics measured at each location during the 
telemetry study (e.g., temperature, dissolved 
oxygen, depth) have been reported in Darby 
et al. (2002). 


Telemetry Data Analyses 


We have already reported the effects of 
environmental metrics (depth, temperature, 
oxygen) on the movements of the 47 snails 
with transmitters discussed herein, and no 
significant trends were found (Darby et al., 
2002). Water temperatures during the study, all 
measured between 11:30 and 13:00 hrs, aver- 
aged (+ SD) 28.8 + 3.3°C. When temperatures 
fall below approximately 20—21°C, apple snail 
movements decline significantly (Stevens et al., 
2002), but temperatures never fell below 23°C 
in our radio-telemetry study. Only snail move- 
ments in water 2 10 cm deep were included 
in our analyses, because in shallower depths 
snails stop moving (Darby et al., 2002). 

We used a mixed model ANOVA (snails moni- 
tored = random effect; gender and week moni- 
tored = fixed effects) for all analyses of snail 
distances traveled. The analysis produces F- 
statistics that are not a ratio of sums of squares, 
but are instead from a Wald-test (Searle et al., 
1992). Distances traveled (m) were transformed 
using the function log; 9 (m +1) in order to meet 
assumptions of ANOVA. 


We tested for the effects of gender, biweekly 
interval (e.g., March 1-14; March 15-28), and 
their interaction, on the weekly distances trav- 
eled. We grouped weekly data into biweekly 
intervals (BWI) to increase our sample size; 
due to deaths and battery failure, we often had 
< 2 individuals to monitor in a given week. We 
increased our sample size to 4—6 (the number 
of different individuals for which we documented 
movements) by analyzing data as a function 
of BWI. If an individual snail’s movements 
were measured twice within a BWI, the mean 
value for the 7-d distances traveled was used 
for that individual for that BWI. We performed 
repeated measures ANOVA (Crowder & Hand, 
1990; SAS, 1992) to account for repeated 
measure of individual transmitter-bearing snails 
over two or more BWls. We further explored 
the gender*BWI interaction using the SLICE 
procedure in SAS; that is, we partitioned the 
interaction effect to distinguish between varia- 
tion in female versus male movements over 
time (SAS, 1992). 

We constructed patterns of movement (dis- 
tances and directions) for snails (n = 11) that 
were monitored on three or more occasions. 
We used Watson’s two-sample test (U2) (Jam- 
malamadaka & Sengupta, 2001) to analyze 
the turning angles (i.e., the angle created by 
the intersection of two consecutive movement 
vectors) to see if the two sets of angular data 
(male and female) had the same distributions. 
Critical values for the test statistic and associ- 
ated P-values for small sample sizes were 
obtained from Mardia (1972). We also tested 
if there was a gender difference for maintaining 
a bearing (degrees from north) over several 
consecutive movements using a Raleigh test 
(R) (Jammalamadaka & Sengupta, 2001). The 
specific direction to test for each snail was 
determined by the compass direction created 
by the line that intersected the start and end 
point from a series of movements. 


Trapping Study 


Wire funnel traps are a form of passive 
trapping that requires snails to move into the 
traps. We used a modified version of a com- 
mercially available crayfish trap; for details, 
see Darby et al. (2001). Pilot studies of funnel 
trap protocols led us to two important points 
regarding the use of these traps. First, bait 
was not needed to attract snails to the traps 
(Darby et al., 2001); snails entered the traps 
during horizontal movements and/or vertical 
ascents to breathe air. Second, sex ratios of 
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captured snails suggested that males may 
have followed females into the traps; when- 
ever we found a female, one to six males were 
also in the trap. 

We hypothesized that as reproductive activ- 
ity increased (as measured by egg production; 
see below), the male to female ratio (M:F) of 
captured snails in the traps would increase. 
Hurdle (1974) and Hanning (1979) observed 
that individual females mate frequently, with 
multiple males, throughout the egg-laying sea- 
son. Andrews (1964) described multiple males 
attempting to mate with individual Pomacea 
females. Females lay egg cluster masses at 
an average rate of approximately one cluster 
each one to two weeks (at times producing 
up to three a week) for up to several months 
(Hurdle, 1974; Hanning, 1979). Therefore, 
egg laying activity should track mating activ- 
ity, and increased male efforts to find mates 
should result in increased M:F ratios in traps. 
Our hypothesis regarding increased M:F 
ratios was based in part on Hanning’s (1979) 
report of males tracking females. Hanning also 
reported a breeding season (January—June) 
sex ratio of 1:1 for P. paludosa in Florida (Lake 
Okeechobee), with an overall ratio, based on 
868 snails collected over 1.5 years of monthly 
samples, of 1 female to 0.75 males. Popula- 
tion sex ratios of approximately 1:1 have been 
reported in other Pomacea species (Yusa & 
Suzuki, 2002; Cowie, 2002). Consequently, 
deviation from a 1:1 ratio in passive traps 
reflects differences in male versus female 
capture rates. [Funnel traps do not randomly 
sample the population as indicated by highly 
skewed M:F ratios observed in our pilot study. 
Randomly sampling our study population to 
obtain the population sex ratio, for example, 
via throw traps, required considerable time 
and labor (Darby et al.,1999) beyond the 
scope of our resources at the time. ] 

We also tested whether or not baiting traps 
with live apple snails attracted snails, presum- 
ably via a water-borne pheromone. To hold the 
bait, we constructed an 8 cm-diameter cylindri- 
cal enclosure to set inside the funnel trap and 
permit the bait (snail) to reach the surface to 
breathe air. A cylindrical bait enclosure was 
installed in all traps. Approximately one-third 
of the traps were baited with adult females (F), 
one-third of the traps with adult males (M), and 
the remaining traps were not baited and served 
as controls (O). Traps were numbered, and 
the same type of bait was used in a given trap 
throughout the study. 


We conducted six one-week trapping ses- 
sions from January 30—August 19. We initiated 
a trap session by placing 51 to 54 traps on PVC 
poles, approximately 5 m apart, throughout our 
study site. At the initiation of each of the six trap- 
ping sessions, traps were randomly distributed 
among the PVC poles to avoid any potential 
effect of trap location. Traps were placed in 20 
to 60 cm of water from 1 to 10 m away from 
the ecotone created by sawgrass and mixed- 
emergent wet prairie habitats. 

Traps were checked twice, at 3- to 4-day inter- 
vals, during each trapping session. Traps were 
not moved between checks. We measured the 
water temperature between 11:00 and 13:30 at 
each trap check. [The difference between sur- 
face temperatures and those near the substrate 
were consistently < 1°C apart, so we based our 
analyses on just surface temperatures.] During 
each trap check, the shells of at least 20 males 
and 20 females (randomly selected) were mea- 
sured to ensure M:F ratios were based on adult- 
sized snails. Captured snails were released 
approximately 2 m from the trap. 

Egg cluster production was monitored and 
used as an index of reproductive activity over 
time (e.g., Hanning, 1979; Darby et al., 2008). 
We sampled three transects during each ses- 
sion. A transect was a 30 m length of the outer 
edge of a sawgrass patch bordering our study 
sites, that is, we sampled the sawgrass-prairie 
ecotone (see Darby et al., 1999). Since we were 
primarily interested in the temporal pattern of 
egg cluster production, we sampled the same 
three transects, starting at the same point and 
moving in the same direction, at each monthly 
count. We deployed a 1 x 2.5 m PVC quadrat 12 
times along each transect during each count. 


Trap Data Analyses 


We examined the effect of bait type (M, F 
or 0) using two separate analyses. First, we 
looked only at the number of males captured as 
a function of bait type (males= bait + session + 
session*bait). In the second, we looked at the 
number of females captured (females= bait + 
session + session*bait). The number of snails 
captured per trap (male or female) in each trap 
session was the total of both trap checks within 
each 7-d trapping session. Male or female snail 
counts were analyzed using a generalized 
linear models approach based on a Poisson 
distribution. The goodness-of-fit criterion indi- 
cated overdispersion, so we corrected for this 
using the pscale option in SAS (1992) based 
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TABLE 1. Results of mixed model ANOVA for snail distances traveled 
over the seven-day interval as related to biweekly interval (BWI), gender, 
and their interaction, and results of partitioning the gender*BWI effect 
(to distinguish between BWI effects for male and female 7-d distances) 
using the SLICE procedure in SAS (details in Methods). 


Numerator 
Source DF 
GENDER 1 
BWI 8 
GENDER*BWI 7 
female 8 
male T 


on McCullagh & Nelder (1989). Male to female 
ratios were calculated for each trapping ses- 
sion. We excluded all trap checks with no snails 
and all traps that had no females (M:F for an 
individual trap would be undefined). [The effect 
of bait was ignored, see Results.] We tested 
the hypothesis that M:F ratios were positively 
correlated with egg cluster counts during the 
same period using Spearman’s rank correlation 
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analysis, and we report the average ratio and 
SE for each trap session based on ratios from 
individual traps. The sample size varied from 27 
to 36 M:F ratios for each trap session. We also 
used the same approach to test the competing 
hypotheses that M:F ratio was associated with 
the linear progression of time (as trap session 
1 through 6, representing February through 
August) or water temperature. 
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FIG. 1. Weekly distances traveled by male and female snails in BCWMA in 1995. Data are from snails 
in water depths > 10 cm. Error bars are standard errors. Sample sizes appear inside bars. 
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Female Patterns 


FIG. 2. Movement patterns (black solid lines) of six female (top panel) and five male 
snails (bottom panel) in BCWMA in 1995. Only snails for which three or more weekly 
movements were documented are included. Gray dashed lines intersect start and 
end points to show specific bearing for the Raleigh test for each snail. Vertical arrow 


indicates north (N). Patterns are to scale. 


RESULTS 
Telemetry Study 


The overall average (SD) weekly snail dis- 
tance traveled was 14.8 + 10.3 m. We found a 
significant difference in weekly distance trav- 
eled as a function of BWI over the 18 week 
period, but movement rates were not affected 
by gender (Table 1). However, when we parti- 
tioned the interaction effect to distinguish be- 
tween male and female movements, we found 
no difference in distance traveled for females 
across BWI, but there was a significant differ- 


ence for males (Table 1). Male average weekly 
distances varied over time with an April peak 
of 38 m (Fig. 1). 

We found no difference in turning angles 
between males and females (U2 = 0.097, P 
> 0.1). Five of six females did not maintain 
a specific bearing (Females 1, 3, 4, 5,6, Rs 
0.3, P 2 0.14; Female 2, R = 0.82, P = 0.003) 
(Fig. 2). In contrast, males were more likely to 
maintain a particular bearing (Males 1, 2, 3, R 
20.6, P < 0.044, Male 5, R= 0.54, P = 0.066, 
Male 4, R= 0.26, P = 0.24) (Fig. 2). All of these 
patterns included weekly movements during 
the April-May peak in reproduction. 
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FIG. 3. M:F ratios per trap (bars) and egg clusters (circles) in BCWMA in 1996. Sample sizes in paren- 
theses are for M:F ratios. Error bars are standard errors. 


Trapping Study 


A total of 846 snails were captured in the 
trapping study; 501 of these were males and 
345 of these were females. Out of the snails 
randomly selected for shell measurements, 
female lengths were on average 38.6 + 4.1 (SD) 
mm and males were 37.4 + 3.1 mm. 

Bait type (M, F, or O snail) did not affect the 
number of female snails or male snails captured 
(yx2= 1.86, df = 2, P= 0.40 and x2= 1.85, df = 2, 
P = 0.40, respectively). There was a significant 
effect of trap session on the total number of 
females and males captured (x2 = 24.05, df = 
5, P < 0.001 and y2= 130, df = 5, P < 0.001, 
respectively). The average number of males 
per trap (t+SD) was 0.88 + 1.2 when no females 
were captured; if one or more females were in 
the trap, the average number of males was 2.1 
+ 2.3. The M:F ratio of captured snails and egg 
cluster production varied over the seven month 
sampling period, peaking in April-May (Fig. 3). 
There was no linear relationship between the 
chronology of the trap sessions and M:F ratio 
(p = 0.26, P = 0.62), nor did water temperature 
(which was > 21°C except for February) affect 


the M:F ratio (p = 0.52, P = 0.29). There was a 
strong positive association between M:F and 
egg cluster counts (p = 0.89, P = 0.02). The 
three highest individual M:F trap ratios were 
13:1 (n = 1), 8:1 (n = 1), and 6:1 (n = 3), all in 
April/May. We show data from only traps that 
had at least one F captured so we could show 
means and SE based on individual traps within 
a session (we cannot calculate a M:F ratio with 
zero females in the trap) (Fig. 3). However, if we 
look at total M:F ratio from all traps combined 
for each session (i.e., including traps with no 
females but some males), we see nearly identi- 
cal M:F ratios and the same pattern (data not 
shown). 


DISCUSSION 


Florida apple snails routinely moved 15—20 
m, and up to 83 m, a week. Although Poma- 
cea snails can float (Burky & Burky, 1977; 
PCD pers. obs. in aquaria snails) and thereby 
potentially move with wind currents, in only 
one case did we observe a snail free floating 
during our tracking and trapping studies. We 
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concluded that our movement data primarily 
represented crawling snails. When considering 
the distances moved, it should be noted that 
these distances represent a minimum distance 
traveled; apple snails, like other snails, un- 
likely move in straight lines (Tomiyama, 1992; 
Erlandsson & Kostylev, 1995). Like Pardo & 
Johnson (2004), we assumed that the weekly 
straight-line distances were proportional to the 
total non-linear distance actually traveled by 
snails. Although several studies of snail move- 
ments in laboratory and mesocosm studies 
have been conducted (e.g., Wells & Buckley, 
1972; Hoffman et al., 2006), few exist for free- 
ranging freshwater snails. A similarly-sized 
freshwater snail, Lavigeria coronata (21—39 
mm adults) moved 0.5 m/d, approximately 20 
times their shell length per day (Michel et al., 
2007). At 15-20 m per week (2.1—2.9 m/d), P. 
paludosa was moving approximately 50—70 
times its shell length per day. Similar daily rates 
(2.8 m/d) were recorded for Lanistes nyas- 
sanus (Louda & McKaye, 1982), ampullarids 
similar in size to snails in our study population. 
Movement rates were noted for another apple 
snail (Pomacea lineata) as “several metres an 
hour” (Van Dinther, 1956). Ribi & Arter (1986) 
documented gender differences in Viviparus 
ater movement rates; 9.4 m/d for males and 
4.8 m for females, distances 150 to 300 times 
their shell lengths. 

Based on significant gender-based differ- 
ences in distances traveled and movement 
patterns, and increased M:F ratios associated 
with increased egg production (and no sig- 
nificant effects of environmental factors), we 
concluded that reproduction is a major driving 
force for Florida apple snail movements during 
the breeding season. Michel et al. (2007) con- 
cluded that longer distances exhibited by male 
over female Lavigeria snails in a freshwater 
lake reflected mate searching. Similar gender 
differences in distances traveled were found 
for Viviparous snails (Ribi & Arter, 1986). Three 
of six groups of Viviparous snails released ina 
lake exhibited significant directional patterns in 
their daily movements over ten days; maintain- 
ing a bearing was associated with two groups 
of males in two different sites, but in a third site 
a Raleigh test indicated significant directionality 
for a group of females. 

Takeichi et al. (2007) found that P. canalicu- 
lata males were drawn to water-borne female 
chemicals in the absence of slime trails in a 
laboratory study, but no such effect was in- 
dicated in our field study. We concluded that 


increased M:F ratios associated with reproduc- 
tive activity reflected males tracking females 
that had crawled into traps. Male tracking 
of females via slime trails deposited during 
locomotion has been described for Pomacea 
canaliculata (Takeichi et al., 2007), as well as 
other aquatic species (Erlandsson & Kostylev, 
1995). Hanning (1979) described males seek- 
ing out females, but did not study slime-trail 
tracking explicitly. Tracker snails have been 
shown to move at faster rates than marker 
snails (those being followed) (Erlandsson & Ko- 
stylev, 1995), and this may explain the greater 
distances traveled by male snails during peak 
breeding. For Florida apple snail males to track 
females over long distances, the mucous trail 
would presumably need to remain intact from 
one to several days, as has been found for 
other aquatic snails (Davies & Williams, 1995; 
Hutchinson et al., 2007). 

Gender differences in movement may 
reflect investment-based reproductive strate- 
gies to maximize fitness. Ribi & Arter (1986) 
described male snails as investing more (rela- 
tive to females) in movements because they 
benefit more from increasing potential mate 
encounters. In contrast, females require fewer 
matings to achieve maximum fitness potential 
(which may be constrained by the ability to 
produce eggs) and consequently move less. 
Hanning (1979) described incidences of female 
P. paludosa snails being unreceptive to mating, 
and actively dislodging males attempting to 
mate. Similar observations have been made 
for P. canaliculata (Burela & Martin, 2009). 
Each of these observations in Pomacea was 
consistent with the idea that females gain less 
from additional matings. In a case of a condi- 
tional strategy, Tomiyama (1992) concluded 
that longer more linear movements by young 
adult sperm-producing land snails (Achatina 
fulica) reflected the need to find egg-producing 
mates. Older A. fulica produce both sperm and 
eggs, lessening the need for investing in mate 
finding, so they traveled shorter distances 
(Tomiyama, 1992). 

Movements by Florida apple snails were 
influenced by gender and reproductive status 
during their reproductive season. Their ability 
to routinely move 10—20 m per week and track 
mates over long distances may be critical for 
a species that tends to occur at relatively low 
densities (often < 0.2 snails/m2), compared to 
other freshwater gastropods that often occur 
at dozens or hundreds of individuals per m2 
(Strzelec & Krolezyk, 2004; Jakubik, 2007; 
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Clark et al., 2008). Additional studies would be 
required to determine whether trail-following is 
the mechanism behind the gender differences 
in movements and changes in M:F ratios found 
in passive traps that we observed. 
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